Purpose: To review the different data collection options available to school-based researchers and to present the preliminary findings on the use of audio-enhanced personal digital assistants (APDA) for use in school-based data collection. Methods: A newly developed APDA system was used to collect baseline data from a sample of 645 seventh grade students enrolled in a school-based intervention study. Evaluative measures included student response, time to completion, and data quality (e.g., missingness, internal consistency of responses). Differences in data administration and data quality were examined among three groups of students: students newer to the United States speaking English as a second language; special education students; and students not newer to the United States receiving regular education.
Researchers often turn to the school environment as the primary venue for collecting surveillance data on sensitive risk behaviors among adolescents [1] [2] [3] . Schools are also a common venue for health behavior interventions aimed at preventing or reducing risk behavior such as drug and alcohol use, violence, or unprotected sexual activity. To collect surveillance data or to assess the effectiveness of behavioral interventions, researchers need a flexible and cost-effective method for collecting sensitive data from a large number of adolescents in a short period of time, in a way that is the least intrusive to the school schedule and environment.
For many years, researchers relied on the self-administered, paper-based survey (SAQ) to collect data within the school environment. However, the SAQ has numerous limitations, most of which are owing to the reliance on reading compe-tency and command of the English language, neither of which are guaranteed in today's diverse urban school setting. Computerized methods (i.e., audio-computer assisted self-interviewing, A-CASI) have been designed to address these limitations; however, these methods are not always conducive to the school environment.
The purpose of this article is to review the different data collection options currently available to school-based researchers and to present the development and preliminary findings on the extension of the A-CASI system to personal digital assistants (PDA), or small handheld computers, for use in school-based data collection. This data collection system was designed not only in response to the investigators' desire to integrate technological advances into the data collection process, but also to create a more flexible and transportable computer-based data collection system to be used in schools. The newly developed system was implemented and evaluated as part of a school-based intervention study conducted among urban middle school students.
Background

School-based data collection methods
School-based research and surveillance typically uses paper-pencil self-administered questionnaires (SAQ) for data collection. SAQs allow researchers to reach the largest number of respondents in the most economic way, requiring one survey administrator for a large number of students. However, the SAQ requires a moderate reading level and sufficient cognitive ability to accurately interpret skip patterns typically found in risk behavior research. If these patterns are unsuccessfully navigated, the amount of missing and inconsistent data increases. This, in turn, increases the chances of the student with cognitive or language difficulties being excluded from the study, either as an outright exclusion or as an analytic exclusion (i.e., cases with missing data are dropped from the analyses by default). In addition, the inability to navigate branching patterns in the SAQ can expose students to developmentally inappropriate questions (e.g., exposure to condom-use questions when respondent has never engaged in sexual intercourse).
Interviewer-administered surveys, including face-to-face interviews or telephone surveying, seemingly address many of the limitations of self-administered questionnaires; the interviewer reads the survey to the student and navigates the complicated branching patterns, reducing missing data and inconsistent responses. However, extensive research with adolescents has shown that interviewer-administered techniques are more likely to yield decreased reports of sensitive behaviors when compared with self-administered methods [4 -10] . Further, this method can be cost-prohibitive when conducting a large scale surveillance or intervention study.
The most desirable solution is a methodology that draws on the strengths of both personal interviewing and selfadministered questionnaires, realized in audio-supported, computer-assisted self-interviewing (A-CASI). A-CASI reads the questions to the respondent, thereby reducing literacy demands. A-CASI allows for the programming of difficult branching patterns, and provides a level of privacy at least comparable to that of SAQ [10] . This method has the benefit of standardization across the study population because the same survey and voice files are used [10] . A-CASI also provides several data quality improvements over SAQ, including faster data entry and fewer nonresponses and data consistency checks [11] . Children are quick to pick up the technology and can complete surveys with minimal assistance [12] . With few exceptions [13] , surveys completed by adolescents using A-CASI elicited increased reporting of sexual behavior when compared with face-to-face interviews, phone interviews, and self-administered paper-pencil surveys [12, 14, 15] . In survey research, methods yielding higher reporting of sensitive risky behaviors are believed to be more accurate as these methods presumably address issues of social desirability [16] . Thus, increased reports of sensitive behavior collected via A-CASI are believed to be more accurate than SAQ reports.
To facilitate A-CASI data collection in school-based research, researchers either rely on currently existing school resources, such as computer labs, or build their own portable data collection system using laptop computers. Utilization of existing school resources requires less expenditure on the part of the researcher. However, the researcher is restricted to the availability of the existing resources, thus eliminating some prospective study sites owing to lack of resources [13] and potentially increasing selection bias. Use of school resources may also be perceived as less private to students who may fear that their responses could be accessible to school administrators and teachers [13] . Although creating a portable data collection system (i.e., with laptops) does require a substantial initial investment by the researcher, it reduces selection bias of schools and standardizes equipment across all study participants. However, researchers still need to be concerned with finding an adequate testing site with sufficient flat-top space and electrical outlets, neither of which are widely available in most urban schools. Equally important are issues of transportation and security of an expensive system that requires substantial research staff.
Personal digital assistants
Personal digital assistants (PDA) became widely available in the 1990s. PDAs fit easily into an individual's hand and have a screen size approximately the size of one's palm. A stylus, an instrument similar to an inkless pen, is used to navigate the touch-sensitive screen of the PDA. PDAs support multimedia, providing a color screen and volume control. A rechargeable battery can generally run several hours before requiring charging, although a lithium back-up battery is generally included to prevent loss of data.
PDAs offer several equipment-specific advantages over both desktop and laptop computers for data collection. First, PDAs cost substantially less than a laptop or desktop computer ($300 vs. $1000ϩ, respectively). Second, owing to their size, PDAs are easier to transport than laptop computers, placing less physical burden on research staff.
Third, PDAs allow for greater flexibility in the testing venue compared with laptops. Laptops require flat surfaces and ample electric supply, whereas PDAs are charged before data collection and are able to run for six hours before needing to be recharged. PDAs can be used in a variety of settings with and without tabletop access, including classrooms, libraries, cafeterias, media centers, and auditoriums. Because there is little limitation in the venue, it is easier to create larger spaces between students that may contribute to a greater sense of privacy and increase the validity of reporting by the student [13] . However, owing to the small size of the PDA, security of the equipment is a larger issue.
Fourth, PDAs create a natural interface for the student as they fit easily into the palm of one's hand, allowing students physical control over the privacy of their answers through moving the PDA or physically shifting positions. Further, the stylus is reminiscent of a pen, creating a familiar response mechanism for survey respondents.
The most commonly used research settings for the PDAbased data collection have been marketing and clinical settings, where a single interviewer/clinician uses one PDA to collect data on a number of respondents/patients. Recently, there have been a number of published reports on the use of PDAs as electronic diaries in areas ranging from the assessment of pain [17] [18] [19] and mood [20 -23] to health-related quality of life [24] . Palermo et al [18] compared the use of electronic PDA-based pain diaries to paper pain diaries, finding that the PDA-based diary was feasible to use with children and that children were more compliant and accurate in their PDA-based diary entries when compared with paper diaries. Whalen and colleagues [20 -23] have used PDA-based diaries to collect behavior, social context, and mood data from adolescents in a longitudinal adolescent health study. However, to our knowledge, there are no published reports on the use of PDAs in school-based research.
One of the barriers to using PDAs in school-based research has been the availability of software needed to develop surveys for the PDA. Although there are currently a number of survey design packages available that contain PDA-based data collection modules [25] [26] [27] [28] [29] [30] [31] [32] [33] , many options needed for self-administered surveys are not in place, such as the ability to link voice files or to "lock" the respondents into the survey and out of other programs on the PDA. To address these and other shortcomings of current PDA software packages, we developed a new software package, Surveyor, for designing and executing audio-enhanced, PDA-based (APDA) surveys with support from the National Institute of Child Health and Human Development (NICHD). Details regarding the development of Surveyor are available elsewhere [34] .
One of the more significant contributions of Surveyor is the ability to link audio files (e.g., *.wav files) to each of the questions in the survey. These files can be recorded from a human or computer-generated voice. In addition, the program locks the student into the survey, deactivating the menu bars and hardware buttons (i.e., student can't access other programs on the PDA) and requires a password to exit from the program. Students have the ability to scroll both forward and backward in the survey, and are alerted when they've left a question unanswered, although Surveyor will allow students to leave questions unanswered. Students' responses are temporarily saved at each section break in the survey defined by the survey programmer, with a final *.txt file containing the completed results file in a comma-delimited format. In the case of hardware or software failure, the temporary results file can be reloaded and students restart at the beginning of the section where they had left off. Similar to A-CASI, Surveyor also allows the programming of complex skip patterns, which minimizes unnecessary exposure of students to sensitive questions.
By eliminating one of the major barriers to PDA-based survey administration through the creation of a customized, audio-capable, survey design software program similar to those used with A-CASI, we have enabled an initial examination of the feasibility of the APDA system and the impact on data administration and data quality in school-based survey research.
Evaluation of APDA in the Middle School Environment
The second half of this article describes our observations of using APDA in the middle school environment. The study in which the APDA was used is a school-wide intervention study aimed at influencing adolescent sexual behavior, with the secondary aim of influencing the normative environment of the school, which in turn may affect behavior. Owing to this secondary aim, it was very important that we involve all students, including those who might have difficulty completing a survey such as those enrolled in ESL (English as Second Language) classes, special education classes, or even mainstreamed students with cognitive or behavioral challenges. We anticipated that the audio support of the APDA would allow students with limited reading skills and/or less familiarity with the English language to complete the survey; however, it was unclear whether data collected from these groups of students would be similar in quality to the data collected from students without these limitations.
Based on our understanding of A-CASI, there were a number of additional expectations that we had for the APDA. First, we presumed that although students would be mostly unfamiliar with APDA, they would quickly accli-mate to the technology. We also expected that APDA would provide all the advantages of A-CASI (e.g., low rates of missing data, programmable skip patterns) with the additional benefits of being cheaper, more portable, and providing a strong sense of privacy to students. Finally, we were particularly interested in how APDA might affect data quantity (e.g., number of questions completed) and quality (e.g., missing data, internal consistency of responses).
Of greatest interest was to examine whether there would be differences in these observations among three exclusive groups: students newer to the United States speaking English as a second language (ESL); special education (SE) students; and all other students (i.e., students living in the United States most or all of their lives receiving regular education [REG] ). That is, we were interested in determining whether there would be group differences in the response to APDA, the ability to complete the survey, the missingness of data, and the internal consistency of survey item responses. Throughout the remainder of the article these three groups will be referred to as the REG (regular education, not newer to U.S.), ESL (newer to U.S., speaking English as a second language), and SE (special education) student groups.
Programming of questionnaire
Using Surveyor [35] , gender-specific surveys were created, with the number of questions ranging between 203 and 243, depending on the branching paths navigated by the student. Voice files for each question were recorded in a professional studio using a female vocal expert who was asked to affect a "non-biased health professional" voice. Prior research has shown that the gender of the voice does not significantly affect participants' responses [11] , so the female voice was used with both the male and female surveys. It should be noted that the version of Surveyor used at the time of this study did not have the capability of linking audio files to the response categories; thus, this feature was not tested and evaluated in this study.
All surveys were executed on the Dell Axim X5 handheld computer enhanced with a 256-MB SanDisk flash memory card used for storing voice files and completed survey results files.
Population and data collection procedures
The population was comprised of seventh grade students from three ethnically diverse, urban middle schools, who are participants in a larger intervention trial aimed at postponing and/or reducing sexual activity. The schools were initially selected based on their heterogeneity with regard to ethnicity and culture (roughly a third each Hispanic, white, and African-American). Moreover, owing to the high influx of new immigrants to the neighborhoods surrounding these schools, many of the students speak a language other than English at home. With regard to reading ability, reading proficiencies in these three schools are low with less than 50% passing the 6th grade proficiency exam, when compared with the Ohio state pass rate of 65%. However, the rates are similar to those of the overall school district [36] .
This project, including the use of APDA, was approved by the authors' institutional review board. Active informed consent was obtained from the parents or guardians of all students completing the survey. Immediately before completing the survey, each child completed an assent form. After administrative questions were completed, study staff escorted the student to a seat in the testing area and explained the use of APDA, while completing three example questions with the student. Students received disposable headphones for use with the PDA and were left to complete the survey. When finished, students were instructed by a screen at the end of the survey to raise their hands to notify study staff of their completion of the survey. Students kept their headphones as an incentive for completing the survey.
Sample characteristics
Of the eligible 734 seventh grade students, 88% (645/ 734) of their parents gave active consent for their child to participate in the study. On average, the students were 12.6 years old (SD ϭ .8), and the sample was equally split by gender (50.5% male) and less than half (45.3%) selfreported to have grades of a B average or higher. Approximately 40% of students in the sample self-identified as Hispanic, 26% as white, 28% as African-American, 2% as Asian, and less than 1% as American Indian or Pacific Islander. Nearly four percent (3.6%) reported that they did not self-identify with any group. Twelve percent (n ϭ 75) of the eligible study population was identified as "special education" by their respective schools, indicating cognitive or behavioral deficits, and included in our SE student group. In addition, 9% of the sample (n ϭ 59) was identified as less acculturated as measured by living in the United States for six years or less and mostly/only spoke a language other than English with their parents (the ESL group). Two ESL students also had special education status, and therefore, are not included as a subgroup in the comparisons below. No students refused to complete the survey.
Descriptive and evaluative measures
Demographic variables. Demographic variables included gender, age, self-reported ethnicity, self-reported grades in school, number of years living in the U.S., and use of a language other than English in the home.
Student response to APDA. Four questions were asked at the end of the survey to assess student response to APDA: (1) How much did you like or dislike completing the survey on the PDA?; (2) How honest were you when answering the questions in the survey?; (3) What did you like about completing the survey on the PDA?; and (4) What did you dislike about completing the survey on the PDA? The latter two questions offered a list of five to six different aspects of APDA (e.g., the questions being read to them, the headphones, privacy), and students were encouraged to choose all that applied. These responses were examined both in aggregate and as a comparison of the REG, ESL, and SE student groups. Crosstabs and corresponding chi-square statistics were calculated for pairs (e.g., REG vs. ESL, REG vs. SE, ESL vs. SE).
Time to completion. The time at which each student began and completed the survey was recorded on a log-in sheet by the survey administrator. To examine the impact of APDA on data quantity, we calculated the mean and median time to completion of the survey and compared the time to completion across a variety of demographic variables, including the three student groups (REG, ESL, and SE). T-tests and ANOVA with a Tukey post-hoc analysis were used to assess differences among the groups of interest.
Data quality. Two aspects of data quality, missingness of data and internal consistency of scale items, were examined in this study.
Missingness of data.
Missing data often varies by the sensitivity of the topic, the placement in the survey (beginning vs. end), and whether the response is conditional upon a prior response. Thus, a missing data percentage was calculated for various substantive sections of the survey, including sections at the beginning, middle and end of the survey, and sections on sensitive and nonsensitive topics. Five of the 13 sections were chosen: (a) demographics, which consisted of 15 questions (e.g., what grade are you in?) and was the first section of the survey; (b) a section on "knowledge," comprised of 12 questions in true/false format (e.g., many persons with an HIV infection have been cured.), which immediately followed the demographics; (c) a section of "diet/physical activity behavior," which was asked in the middle of the survey and consisted of 19 questions (e.g., in the past two weeks, how many times did you eat at a fast food restaurant?); (d) a section on "sexual behavior," which was also in the middle of the survey and consisted of 15 highly sensitive questions, many of which were contingency based (e.g., have you ever kissed someone on the lips? or has anyone ever touched you below the waist, under your clothing?); and (e) a final section on "parent practices," which consisted of 19 questions (e.g., my parents pretty much let me do whatever I want) and was located at the very end of the survey. For each section, the percentage of missing items (# missing/total items) was calculated for each question and the range presented for the entire sample and across the three student groups (REG, ESL and SE).
Data consistency. The internal consistency of items for four separate unidimensional scales was also examined as an indicator of data quality. The scales, chosen for their evaluative nature, required students to either make evaluative judgments to statements (e.g., strongly agree to strongly disagree) or to recall and summarize the frequency of events (e.g., never to always) [37] . We assessed the following constructs: (a) consequences of early sexual initiation (4 items, e.g., having sexual intercourse as a teenager makes it harder for someone to study and stay in school); (b) condom-related prevention beliefs (3 items, e.g., when used properly, a condom prevents HIV); (c) sexual behavior beliefs (4 items, e.g., I believe it is okay for people my age to have sex with a steady boyfriend or girlfriend); and (d) peer social support for healthy behavior (4 items, e.g., how often have your friends suggested ways you could eat healthier or make better food choices?).
These scales were selected because they represented a range of abstract thinking, from specific object attitudes (e.g., condoms) to more abstract general attitudes (e.g., consequences) [37] . They were also selected because we anticipated that ESL and SE students may have more difficulty in interpreting and assessing these types of questions, thus providing less consistency across the items of the scales. For this reason, we examined the internal consistency of the items comprising each scale, arguing that if there is less consistency across the items of a known unidimensional (latent) scale where the internal consistency is typically high, it may mean that the respondent is not reading the questions/responses appropriately [38] , and that this may be owing to reading ability and/or comprehension difficulties that are being masked by the PDA (i.e., only needing to point and click their answers after the questions are read to them).
We calculated a separate Cronbach coefficient alpha for each of the four scales, within each of the three student groups (REG, ESL, SE). Owing to the difference in sample size of the REG group as compared with the ESL and SE group, and the impact of sample size on Cronbach alpha coefficients [38] , a random sample of the regular education (REG) students was drawn to be similar in sample size to that of the other two groups. The Feldt's test of equal coefficients was used to compare the coefficients across the three student groups (REG vs. ESL, and REG vs. SE) to determine whether the scales reliably measure the theorized constructs similarly across the groups [39] .
Results
Student response to APDA
The PDA system was well received by students. Over 94% of students reported that they liked completing the survey on the APDA and an overwhelming 96% of students reported being completely or mostly honest when completing the survey. When given a list of potential reasons for liking the PDA, nearly half of all surveyed students indicated that they liked having the questions read to them, as illustrated in Table 1 below; this was similar across the three subgroups, but most pronounced among the REG students.
Students also identified liking the privacy of the APDA (59%) and being able to move forward and backward in the survey to change their answers (41%). On the other hand, the most unpopular aspect of completing the survey on the PDA was tapping the "Next" button after each page of questions (20%). Only 5% of students reported that they did not like the PDA, and 6% did not like having the questions read to them. Of interest are the differences observed in the likes and dislikes across the three different student groups. Five characteristics (i.e., like having questions read, like wearing headphones, like something else, dislike tapping "NEXT" button, dislike something else) were found to be similar across REG, ESL, and SE students (p Ͼ .05); many of the other aspects of the PDA surveying are quite different among the subgroups.
Time to completion
The average time to complete the 203-243 question survey was 52 minutes. As shown in Table 2 , the range was large, from 15 minutes to 123 minutes; however, less than 1% of the population finished in less than 30 minutes and only 3.2% took more than 80 minutes. The comparability of quartiles across the REG, ESL, and SE groups indicates that a majority of students finished in a relatively similar amount of time. In addition, there were no significant differences in time to completion by gender or age.
The SE students were not only able to complete the survey, but did so in a shorter period of time than the REG students (50.43 for SE vs. 52.22 for REG). This seemingly counterintuitive result may be an indication of poorer read- a Sample sizes in the subgroup analyses differ slightly due to missing data (i.e., 11 students were missing time data and two students were removed from group analysis because they were in both the ESL and SE groups).
b Times for ESL and SE groups were significantly different from each other (p Ͻ .01).
ing comprehension, as discussed further in the discussion section. As expected, the ESL group did take longer to complete the survey than the REG or SE students. However, the post hoc analysis reveals that only the SE and ESL groups were significantly different from each other. Programmed logic patterns allowed for an additional 40 questions that could be answered by students, depending upon prior responses. The vast majority of these questions were related to sexual behavior, and therefore created a concern that students answering these additional questions may be identified as sexually active owing to the extra amount of time needed to complete the survey. Examination of the time to completion by sexual experience showed no significant difference.
Data quality
Missingness of data. Table 3 provides the ranges of missing data for questions by section, including sections at the beginning (i.e., Demographics, Knowledge), middle (Diet/Activity Behavior, Sexual Behavior), and end (Parenting) of the survey. For example, in the Demographics section, overall rates of missing data by question ranged from .2% (number of younger siblings) to .8% (attendance at religious services). Of additional note is the similarity between the rates of missing data within sections containing sensitive questions (e.g., sexual behavior) compared with less sensitive questions (e.g., demographics), and the notable low rates of missing data among the sexual behavior questions. Lastly, rates of missing data appeared to be similar between REG and ESL students; however, SE students appear to have sections with far more missing data compared with the other groups, particularly in the "Knowledge" section.
To further explore the quality of data among the subgroups, we examined the Cronbach coefficient alpha for each of the four different constructs within the survey: consequences of early sexual behavior, condom-related prevention beliefs, beliefs about sexual behavior in adolescents, and peer social support. Results show that Cronbach coefficient alphas were the highest among REG students, followed by the ESL students, with the SE students having the lowest coefficient alphas; this pattern held for all four scales. The alphas for REG students all fall in the respectable to very good range, the alphas of the ESL students fall in the minimally acceptable to respectable range, whereas the alphas of the SE students range from unacceptable (Sex Beliefs: .545) to respectable (Condom Prevention: .733) (Table 4) [38, 40] .
Results of Feldt's test for equal coefficients in comparing REG and ESL students indicate that the coefficients for two of the scales were not statistically different from each other (consequences of early sexual behavior and peer social support), whereas two of the coefficients were different (condom-related prevention beliefs and beliefs about sexual behavior). All coefficients were found to be statistically different when comparing the responses of SE students to the REG students.
Observations of APDA "in the Field"
The compact quality of this new data collection system required only one staff member to tote 25 PDAs, necessary Table 3 Percentage missing data per section: total, by education and acculturation cords, and the administrative laptop in a single bag, greatly reducing the physical burden on research staff. This system also allowed for great flexibility in the testing venue, a distinct benefit in the ever-changing environment of schools. The testing venue varied across the three schools based on availability of space and included locations such as the library, media center, and classrooms. At one of the study schools, the primary designated data collection location was the rarely used balcony of the school's auditorium, typically used for storage. With poor lighting, minimal electrical outlets, and seating that did not offer fold-up desktops, this space, which would not have been conducive for SAQ or laptop-based data collection systems, was one of our most ideal venues. Furthermore, the minimalist nature of APDA enabled the field research staff to quickly set up and break down the system and move to new testing venues, or even another school, with little time and effort. The APDA system proved reliable as no data was lost owing to software or hardware error or equipment loss, confidentiality of students' responses was secure, and data was available for analysis within days of completion of the last survey.
The benefit of the audio files accompanying the survey extended beyond the ability to account for reading level. When students put on their headphones and began the survey, they appeared to become completely enveloped in the "world" created by APDA's visual, audio, and interactive stimulation. Even the most disruptive student quickly quieted after beginning the survey and was not distracted by the movements or sounds of the research staff or students around him or her. This resolved a common problem with using the SAQ in the classroom setting when students finish at different times or make comments out loud on the survey questions.
As an observer, it was apparent when students reached sections containing sensitive questions based on their body language. First, students would look around to see who was looking at them, and then they would shift their physical positions, seemingly to feel confident of their privacy. Students turned sideways in their seats, hunched over the APDA, bringing it close to their faces, or even resting their foreheads on the edge of a table or desk to hide the APDA under the table. The APDA is small enough to allow the student to feel that they have control over the privacy of their answers.
The small screen of the APDA also allowed students to sit within a few feet of one another without knowing what questions their neighbors are answering. When in close proximity to other students completing paper-based surveys, it is much easier for peers to recognize which question or section a student is answering, potentially risking confidentiality and reducing the student's trust in the data collection process. Moreover, a student, teacher or staff member can walk by and glance at a paper-based survey, possibly gaining knowledge of a student's confidential responses. However, owing to the small screen size of the APDA, exposure of responses to passers-by, such as teachers or other classmates, was also minimized. Only one to three questions are displayed at a time using APDA, and it is virtually impossible for students to be aware of the programmed skip patterns to infer how a student answered previous questions. Lastly, students can ask study staff about a particular survey question on the APDA without exposing their other responses, maintaining their privacy.
The ability to maintain student's confidentiality in the data collection process was simplified with the APDA via the ability to link a unique identifier to the survey instead of creating a complicated paper-based confidentiality system that is often required with paper-based surveys. Moreover, the confidentiality of results was maintained through saving the results as a text file that was not accessible on the APDA; these results files were downloaded to the study staff administrative laptop immediately after the student completed the survey and deleted from the APDA.
Implications
The results from our preliminary work with this APDA data collection system parallel the published reports on desktop-or laptop-based A-CASI systems in that APDA provided a completely standardized data collection system, with the added benefits of being highly compact and extremely portable. With the audio enhancement, students with a range of reading and language abilities were able to participate in data collection. APDA provided other benefits offered by A-CASI, such as sophisticated skip patterns and automatic production of clean data files. However, differences among regular education students, students newer to the U.S. who speak English as a second language and special education students in PDA preferences (Table 1) , rates of missingness (Table 3) , and Cronbach alpha coefficients (Table 4) indicate that this method must be explored further with these groups of students to determine the effect of the audio enhancement on question/response comprehension. In particular, as only the questions were read to the students, it is unclear whether the internal consistency could be improved if response categories were also read.
Our experience with the APDA mimic that of Romer et al [12] and Hallfors et al [41] with computers; although 66% of students had never used a PDA before the survey, they quickly learned how to use the technology, exhibited little fatigue during the survey, were very respectful of the equipment, and even asked when they could complete the survey again. Our field staff has rarely observed these characteristics when using pencil-paper surveys with middle school or high school students.
A common problem with the SAQ is that students often refuse or choose not to answer sensitive questions, yielding high proportions of missing data. For example, the Centers for Disease Control reports that nonresponse rates on the .4% on a question assessing respondents' age, to 15.5% for the question assessing injurious suicide attempt, with the higher rate likely owing to the sensitive nature of the question [3] . In survey research on sexual behavior conducted among adults, reported nonresponse rates range from 6% to 13% [42, 43] . No published research was found by the authors that explicitly discussed nonresponse rates on questions of sexual behavior among adolescents. In the sexual behavior section completed using APDA, one of the most sensitive sections of the survey, the largest overall nonresponse rate was 1.4%, potentially indicating a significant improvement for research where sexual behavior is our primary outcome.
Beyond the benefits commonly associated with A-CASI, we found that APDA allowed us to ask more questions than the SAQ in a similar amount of time. Typically, schoolbased SAQs are designed to be completed within a 45-minute class period, with the maximum number of questions ranging from 30 (upper elementary school) to 80 (high school), depending on the age of the targeted student population. For example, the survey designed for the 2005 middle school YRBS contains 49 questions designed to be answered in a single, 45-minute class period [44] . Following this rate of question completion for SAQ, students should have answered approximately 57 questions in 52 minutes; using APDA, students completed over 200 questions in 52 minutes. Notably, no students asked to stop completing the survey.
One issue of concern was the shorter completion time of the SE students identified as cognitively or behaviorally impaired. Although the difference in time to completion is not statistically significant, this seemingly inconsistent result may bring into question the students' comprehension of the survey and their responses. This matter is further complicated by the increased proportion of missing data among this subgroup, as well as the lower coefficient alphas of the scales used in the study. It is possible that both missing data and the internal consistency of the four scales could be improved by adding audio enhancement for the response options in addition to the questions and text. Only through further exploration of this data collection technique among these special subgroups can this question be adequately answered.
The APDA data collection system is still in its development phase. The Surveyor software is currently in the process of upgrading to include enhancing features, such as linking audio files to the response categories, a printable codebook, a trace log (i.e., tracking response path and time through the survey), a robust logic engine for internal consistency checks, and rich text formatting.
APDA offers great promise to school-based researchers and enhances our understanding of how adolescents with different cognitive and behavioral characteristics react to technology and its use in collecting self-reported data. However, far more research is needed to better understand the underlying mechanisms that contribute to differences in survey administration and data quality. Further, as this study only included urban middle school students, there is no evidence as to how this data collection method would be received by an older or younger population or a suburban, rural or even alternative school setting.
Conclusion
Based on the above findings, use of an APDA data collection system is feasible with middle school students in a controlled environment. The portable data collection system was easily implemented in a variety of venues with minimal survey administration staff. No data were lost owing to hardware or software malfunction; data files were immediately available for analysis. Students responded positively to the technologically enhanced survey and remained engaged during the 200ϩ question survey. Students with cognitive deficits and language barriers were able to complete the survey in a similar amount of time without additional help, although more research on the use of APDA is necessary to fully understand the effect of data collection mode with special populations.
